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ABSTRACT

he experiment was conducted from January to August, 2023 at Central Institute of Fisheries Education, Mumbai,

Maharashtra, India, to evaluate nutritionally rich restructured fish products, such as sausages, using mantis shrimp (Miyakella
nepa). Ground mantis shrimp meat was incorporated at varying ratios (30%, 50%, and 70%) to replace Pangas fish mince in the
restructured fish product. Optimization of the 50% inclusion of shrimp meat in the products was based on physicochemical,
rheological, and sensory characteristics, as well as overall acceptability. The optimized restructured fish product in the form
of sausages was assessed for quality characteristics over 40 days of refrigerated storage, with a control product containing
100% Pangas mince. Physicochemical parameters did not show significant differences (p>0.05) during refrigerated storage. A
reduction in gel strength, coupled with increased lipid oxidation, was observed in the products prepared with mantis shrimp
meat throughout the storage period. The whiteness of the products decreased slightly, likely due to the spice mix and protein
interactions. SDS-PAGE analysis showed no significant changes in protein patterns. However, the mantis shrimp-incorporated
sample received a lower overall acceptability score due to the development of a pungent odor by the end of the 40-day storage
period.Overall, the study highlighted limited potential for using mantis shrimp in the development of restructured fish products,
particularly with fish of high fat content.
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1. INTRODUCTION
In seafood processing, it is of great interest to increase
the yield of marketable products, including developing
methods for restructuring low-value cuts and trimmings to
improve their appearance, flavour, and texture and enhance
the market value (Ramirez et al., 2007). Restructured
seafood products are foods created by using minced or
chopped seafood muscle, either alone or combined with
additional ingredients or additives.(Helena et al., 2016).
The basic principle of restructured product is to create a
mixture of various meat types or add some plant-based
protein and fiber sources (Patel et al., 2023). Restructured
seafood products make it possible to provide new different
formed and flavoured ready to eat product with high
nutritional value to consumers (Tokay et al., 2021). Seafood
products are also being elaborated by different restructuring
techniques to mimic other more highly-valued products.
The main reason for restructuring fish muscle has been due
to the limitations on high-value seafood product supplies
and, therefore, it becomes necessary to make the best use
of existing resources. Many of these resources are under-
utilized species that would otherwise have commercial
problems because of their size, composition, bony structure,
unattractive appearance, or texture (Borderfas and Pérez-
Mateos, 1996). The utilization of seafood processing waste
or discarded species enhances the efficiency of animal
protein usage, minimizes environmental problems, and
adds a nutritional benefit to diets prepared from such
materials (Ozyurt et al., 2019). Usually, the development
of the restructured product involves the inclusion of various
additives and binding agent (Carpentieri et al., 2022).
Additives such as sodium alginate, sodium caseinate, whey
protein concentrate, microbial transglutaminase, salt etc,
can be used in improving the quality of the restructured
product (Gaspar and Goes-Favoni, 2015; Kaewudom et al.,
2013; Liu et al., 2019). Among those additives, the use of
microbial transglutaminase is found to be most available and
efficient alternative for other protein substrates (Gaspar and
Goes-Favoni, 2015). Microbial transglutaminase treatment
alters the secondary structure, cross-linking, and aggregation
of shrimp myofibrillar protein through deamination,
enhancing gel properties by catalyzing y-carboxyl and
g-amino group reactions, increasing disulfide bonds, and
improving gel strength (Chen et al., 2024).

The mantis shrimp, often caught as bycatch in shrimp
trawling, remains underutilized as food due to its high
moisture content, low meat yield after cooking, and
difficulty in separating meat from the shell. However,
squilla has recently gained importance as an alternative to
shrimp seafood in other countries. Against the backdrop of
depleting marine resources from Indian waters, developing
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commercially valuable food products from unconventional
resources like squilla requires more attention (Pankyamma
et al., 2022). There are the few reports on the development
of value-added products from mantis shrimp, such as
silage (Bijoy et al., 2016) from squilla and squilla protein
powder fortified noodles (Pankyamma et al., 2022) have
been reported. Despite having difficulty in consumption
of mantis shrimp, they have appreciable level of minerals
and their abdomen will be highly desirable for preparing
comminuted sausage products due to the better functional
properties (Moruf, 2024). Therefore, in this present study,
mantis shrimp incorporated restructured product was
prepared by optimizing the different combinations of mantis
shrimp and pangasius mince and the quality evaluation
of optimized mantis shrimp incorporated restructured
product was carried out by assessing biochemical, physical
and sensory attributes during refrigerated storage at 4+1°C.

2. MATERIALS AND METHODS

he experiment was conducted during January to August,
2023 at Central Institute of Fisheries Education,
Mumbai, Maharashtra, India

2.1. Materials

The small eyed squillid mantis shrimp (Miyakella nepa)
(Latreille, 1828) was procured from the Versova landing
center, Mumbai, India between March to May, 2023. The
fresh fillets of pangas (P hypothalamus) were purchased
from Cambay Tiger, Mumbai. Industrial grade sodium
tri-polyphosphate (STPP) and transglutaminase were
procured from Sasson Dock Cooperative Fisheries Society
Surimi Processing Plant, Uran, Raigarh, Maharashtra,
India. Iodized common salt and sugar (Tata Chemicals Ltd.,
Mumbai, India), sunflower oil (Gold Winner-Kaleesuwari
Refinery Pvt Ltd., Chennai), starch and spices including
garlic powder, chilli powder, coriander powder, ginger
powder, white pepper, etc. were purchased from a local
market, Mumbai, India. Analytical-grade chemicals were
used during the experiment.

2.2. Methods
2.2.1. Preparation of mantis shrimp meat

The collected mantis shrimp were transported to the
laboratory of Post-Harvest Technology, Central Institute
of Fisheries Education (CIFE), Mumbai in an icebox
packed at 1:1 fish to ice ratio. Mantis shrimp were washed
thoroughly with potable tap water on arrival and meat was
picked manually with the help of scissors. The picked meat
was subjected mechanical deboning machine (Baader 694,
Lubeck, Germany) with a drum sieve of 5mm diameter
holes to prepare mince. The prepared mince was stored in
polyethylene pouches at 4°C until used.
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2.2.2. Preparation of pangas mince

The procured fillets of pangas (P hypothalamus) were
transported to the laboratory of CIFE, Mumbai in a
sterile polythene pack kept inside the icebox at a 1:1 fish
to ice ratio. Pangas mince was prepared from eviscerated
and cleaned fillets using a mechanical deboning machine
(Baader 694, Lubeck, Germany) with a drum sieve of 5mm
diameter holes. The temperature was maintained below

10°C throughout the process.

2.2.3. Preparation of mantis shrimp incorporated restructured
product

The level of inclusion of fish mince for the preparation of
sausage was fixed at 76.5% based on a preliminary study of
optimization of the concentration of fish mince. Mantis
shrimp mince was incorporated into pangas mince at

different levels (30% (T,), 50% (T,) and 70% (T,). The

formulations of different treatments are given in Table 1.

The different levels of mixtures of mantis shrimp and
pangas mince were then mixed with 0.25% (w/w) sodium
tri-polyphosphate (STPP), 1.5% (w/w) iodized common
salt, 1% (w/w) sugar and 1% (w/w) transglutaminase. These
additives were mixed in silent cutter. After communuting
mince mixture for 3 min, 4% (w/w) sunflower oil was added
slowly and mixing was continued for another 3 min. Then
starch was added at the level of 10% and mixed well. After
mixing of oil and starch, a mixture of spices (1.5% (w/w)
ginger powder, 1.5% (w/w) garlic powder,1% (w/w) chilli
powder, 1% (w/w) coriander powder and 0.75 % (w/w) white
pepper powder) were added simultaneously. Each batter
was blended for three minutes. The control sausage was
prepared without the inclusion of any mantis shrimp mince
(C,) and with mantis shrimp only (C,). The temperature
of the batter was maintained below 15°C throughout the
processing. The sausage batters thus obtained were stuffed
manually into polyvinylidene casings (diameter: 4cm;

Table 1: Preparation of mantis shrimp incorporated restructured fish product

Ingredients C, C, T, T, T,

(no mantis shrimp (100% mantis (30% mantis shrimp (50% mantis (70% mantis

meat) shrimp meat) meat) shrimp meat) shrimp meat)

Fish mince 76.5 % - 49 % 35% 21 %
Mantis shrimp - 76.5 % 21% 35% 49 %
Salt 1.5% 1.5% 1.5% 1.5% 1.5%
Sugar 1% 1% 1% 1% 1%
STPP 0.25% 0.25% 0.25% 0.25% 0.25%
TGase 1% 1% 1% 1% 1%
Starch 10% 10% 10% 10% 10%
Spice mix 5.75% 5.75% 5.75% 5.75% 5.75%
Oil 4% 4% 4% 4% 4%

length: 17.5cm) using a plastic sausage stuffer and the two
ends were tied tightly using strings. The stuffed sausages
were cooked at 40'C for 30 min followed by 90°C for 20
min in a thermostatically controlled water bath (Strike 300,
Steroglass, Perugia, Italy). The formed sausages were further
cooled at once in iced water and stored overnight at 4°C in
the refrigerator for further study.

2.3. Analytical methods for quality evaluation
2.3.1. Physicochemical quality

The proximate composition (moisture, crude protein,
fat, and ash) of mantis shrimp incorporated restructured
product and control sausages was performed according to
the standard method (Ruby et al., 2022). The total volatile
base nitrogen (TVB-N) was determined based on the
method given by (Malle and Tao, 1987). Peroxide value and
Free fatty acid were determined following the procedure of

Rathod and Pagarkar (2007). Thiobarbituric acid reactive
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substances (TBARS) were determined as per the method
of Tarladgis et al. (1960).

2.3.2. Rbheological quality
2.3.2.1. Gel strength

Gel strength was measured by Rheo Tex (Type SD-700,
Sun Scientific Co. Ltd, 4-Chome, Kamiyoga, Setagaya-
KU, Japan) equipped with round-ended metal probe (5
mm diameter, 60 mm/min) with a load cell of 2 kg. The
gel samples were equilibrated at room temperature (25 °C)
for 2 h before analysis. The samples were cut into cylinder-
shaped samples of 2.5 cm in length for analysis. The load
(g as breaking force) and the depth of depression (mm as
deformation) when the gel sample lost its strength and
ruptured were recorded. All determinations were carried out
in triplicates. The gel strength of the sample was calculated
as breaking forcexdeformation and expressed in g.cm.



Varshaet al., 2025

2.3.2.2. Sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE)

Protein patterns of sausage gels were analysed by SDS-
PAGE (Laemmli, 1970). To prepare the protein sample,
27 ml of 5% (w/v) SDS solution was added with 3 g of
fish sample. The mixture was then homogenized at a
speed of 11,000 rpm using a homogenizer for 1 min. The
homogenate was incubated at 85°C for 1 h to dissolve total
proteins. The samples were centrifuged at 8000xg for 20
min at room temperature (26—28°C) using a centrifuge
(Eppendorf 5810R, Germany). Protein concentration in
the supernatant was determined as per the Biuret method.
Solubilized samples were mixed at a 1:1 (v/v) ratio with
the sample buffer (0.5 M Tris-HC], pH 6.8, containing 4%
SDS, 20% glycerol and 10% B-ME) and boiled for 3 min.
Samples (5 pg protein) and high molecular weight (10-315
kDa) protein marker (Genetix, Biotech Asia Pvt. Ltd.,
India) were loaded onto polyacrylamide gels comprising
a 10% running gel and a 4% stacking gel and subjected to
electrophoresis at a constant current of 15 mAgel™ using a
Hoefer unit (Hoefer, Inc., San Francisco, CA, USA). After
electrophoresis (Electrophoresis Power supply- EPS601,
China), the gel was stained with 0.02% (w/v) Coomassie
Blue R-250 in 50% (v/v) methanol and 7.5% (v/v) acetic
acid and de-stained with 50% (v/v) methanol and 7.5%
(v/v) acetic acid, followed by 5% methanol (v/v) and 7.5%
(v/v) acetic acid.

2.3.3. Whiteness

The whiteness of mantis shrimp incorporated restructured
product was measured using a Nippon Denshoku
Colourimeter (ZE 6000). Whiteness was calculated as
described by Park (1994) as follows:

Whiteness index=100-(V(100-L")?+(a")>+(b’)?
2.3.4. Microbiological examination

The total plate count of the mantis shrimp incorporated
fish sausage was done by spread plate technique (BAM,
2004). 10 g of sausage sample was taken aseptically and
transferred into a sterile stomacher bag and it was mixed
with 90 ml sterile saline. The mixture was homogenized for
60 seconds in a stomacher. Decimal dilutions were prepared
and 100 microliter from each dilution was spread on sterile
plate count agar plates. The plates were incubated at 37°C
for 24 hours. The plates were enumerated and results were
reported as log colony forming unit per gram (log cfu g).

2.3.5. Sensory evaluation

Sensory characteristics of sausage samples for each
treatment group were evaluated by experts, who were trained
and familiar with sausage consumption. Sausages were cut
into thin slices and served to panelists for evaluation of their
colour, odour, taste, texture, flavour, appearance and overall

acceptability based on a 9-point hedonic scale (Mailgaad et
al., 1999). Panel members were asked to assign scores based
on the following scale, 1, dislike extremely; 2, dislike very
much; 3, dislike moderately; 4, dislike slightly; 5, neither
like nor dislike; 6, like slightly; 7, like moderately; 8, like

very much; 9, like extremely.
2.3.6. Shelf~life study

Analysis of the shelf life of chosen mantis shrimp
incorporated restructured product was carried out once in
10 days for 40 days. The optimized (50%) mantis shrimp
incorporated restructured product along with control were
prepared and stored in refrigerated condition at 4+1°C for
shelf-life study. Samples were evaluated for physicochemical,
rheological, whiteness, microbiological and sensory
parameters for 40 days at 4+1°C.

2.3.6. Statistical analysis

All the experiments were carried out in triplicates and
results were expressed as Mean+Standard Deviation (S.D).
Analysis of Variance was carried out using a Statistical
package for social science software (SPSS VERSION 25.0,
Chicago IL, USA).The level of significance was set up at
£<0.05. Duncan’s Multiple Range Test (DMRT) was carried
out to find out the statistically significant difference.

3. RESULTS AND DISCUSSION

he present study of the inclusion of different

proportions (30, 50 and 70%) of mantis shrimp meat
in the development of restructured fish product i.e. sausage
was conducted for optimization of the concentration of
mantis shrimp meat in the Pangas sausage to make the
product acceptable.

3.1. Optimization of concentration of mantis shrimp meat in
restructured fish products

3.1.1. Proximate composition of restructured fish products

e proximate composition of the optimized restructure
The p t posit f the opt d restructured
product from mantis shrimp is depicted in Table 2.

The highest moisture content in C, (66.09%) was due to the
high moisture content of mantis shrimp meat (81.47%). As
the percentage of inclusion of mantis shrimp meat increased,
the moisture content of the restructured products also
increased. The protein content in C, (15.57%) was higher
than other treatments. This was due to the higher protein
content of pangas meat (17-19%) (Sokamte et al., 2020)
than mantis shrimp meat (15.06%). The fat content was
higher in C, (6.26%). The incorporation of higher levels of
mantis shrimp in pangas mince decreased the fat content
of the resultant products. This may probably be due to
the presence of higher amount of fat in pangas meat (1%)
(Sokamte et al., 2020) than the fat content of mantis shrimp
(0.66%). In the case of ash content, higher ash content was
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Table 2: Proximate composition of restructured fish product

Treatments C, C, T, T, T,

Moisture (%) 59.62+0.19* 66.09+0.02¢ 61.22+0.10° 61.93+0.14¢ 62.910.04¢
Protein (%) 15.57+0.41¢ 10.70+0.45° 14.50+0.32> 14.09+0.57° 14.55+0.27°
Fat (%) 6.26+0.05¢ 3.89+0.12* 5.18+0.10¢ 4.90+0.14¢ 4.38+0.13°
Ash (%) 2.60+0.02* 3.030.03¢ 2.87+0.07° 2.92+0.06" 3.0020.06¢

Values (n=3) are presented as the mean+SD. The mean value in the same row with different superscripts is significantly

different between the treatments (p<0.05)

found in C, (3.03%) and T, (3.00%), which could be due
to higher ash content in mantis shrimp meat (2.26%) than
that of pangas meat (1.24%) (Sokamte et al., 2020).

3.1.2. Gel strength of restructured fish products

The gel strength of the optimized restructured product is
shown in Table 3.

Table 3: Rheological characteristics and whiteness of
restructured fish product

Treatments Gel strength (g.cm) Whiteness
C, 615.57+5.16¢ 9.22+0.15°
C, 74.22+2 .44 8.33+0.15¢
T, 328.81+6.25¢ 8.59+0.14
T, 367.18+2.87¢ 8.32+0.18*
T 238.73+1.93b 8.24+0.03*

3
Values (n=3) are presented as the mean+SD. The mean value
in the same row with difterent superscripts is significantly
different between the treatments (p<0.05)

The experimental results showed a significant difference
(p<0.05) in the gel strength of Pangas sausage after the
addition of mantis shrimp meat. Mantis shrimp meat had
the lowest gel strength (74.22 g-cm) in the present study.
The low gel-forming ability of the shrimp meat was likely
due to its high cysteine protease activity (Takahashi et al.,
2014), which affected the overall gel strength of the pangas
restructured product. In accordance with Mehta and Nayak
(2017), the gel strength of fresh white-leg prawns was found
to be 80.60 g-cm. Similarly, the gel obtained from pink
prawns (Pandalus sp.) was also believed to possess lower gel
strength (Takahashi et al., 2014).

3.1.3. Protein patterns of formulated sausages

The SDS-PAGE protein patterns of mantis shrimp
incorporated restructured product are shown in Figure 1.
InC,,T,,and T, the intensity of the MHC band (245kDa)
was higher than other treatments. The MHC content of all
samples gradually reduced with the increase in concentration
of mantis shrimp inclusion in products. This suggested that
the increased addition of mantis shrimp meat reduces the
formation of intermolecular covalent bond cross-linking
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245kDa —

45 kDa —»
35 kDa —2»

15 kDa —3

Marker MS C1 C2 T™M T2 T3

Figure 1. SDS-PAGE pattern of proteins of restructured fish
products. lane 1: marker, lane 2: MS mantis shrimp meat, lane
3: C, 100% Pangas mince, lane 4: C, 100% Mantis shrimp
meat, lane 5: T, 30% Mantis shrimp meat, lane 6: T, 50%
Mantis shrimp meat, lane 7: T, 70% Mantis shrimp meat)

of MHC. Moreover, MHC strips were almost invisible in
C,and T,. Among the treatments, C, showed a prominent
band of 45 kDa when compared to C,. As the concentration
of mantis shrimp meat incorporation increased, the band
intensity of 45 kDa was reduced. In C,, T, and T, sausages,
a band of 35 kDa showed some intensity when compared
to others.

3.1.4. Whiteness of restructured fish products

The intention of the consumer to purchase a product or
not depended on the general perception of the colour
characteristics of the product. The whiteness of the
optimized treatments is depicted in Table 3. In the present
study, the whiteness of the product was found to have
reduced due to the addition of a coloured spice mixture.
These results were in agreement with Majumdar et al.
(2015), who reported that the addition of garlic extract was
responsible for the darkening of Pangasius surimi sausage.
Additionally, there was a possibility of interaction between
spice mix compounds and muscle pigments, leading to a
reduction in the whiteness of the sausage. The difference
in colour between the control and treatments was possibly



Varshaet al., 2025

caused by differences in the pigment content in the muscles
of Pangas and mantis shrimp. The reduced whiteness of the
treated product was likely due to the presence of the protein-
astaxanthin complex in mantis shrimp. This complex usually
dissociated during cooking, allowing free astaxanthin to
reveal its colour, ranging between yellow, orange, and red

(Weesie et al., 1995).
3.1.5. Sensory analysis of restructured fish products

The palatability of meat products is a complex characteristic
that is influenced by various factors, including odour and
flavour, color, appearance, tenderness, and juiciness. Among
the aforementioned factors, consumers tend to assign greater
importance to flavour and texture. The sensory analysis of
formulated sausages is shown in Table 4.

The results of the present study indicated that the addition
of mantis shrimp in restructured products influenced flavour
and overall acceptability of the product. Other parameters
like appearance, texture, odour, taste and colour did not show
any significant difference (p>0.05). The score for flavour was
higher in C,. The inclusion of mantis shrimp meat in the
products affected flavour characteristics in the present study.
The results showed that the inclusion of 50% mantis shrimp
in the development of restructured products was highly
accepted compared to other treatment and control groups.

Based on the results of sensory evaluation, the Pangas
sausages containing 50% mantis shrimp meat showed a
higher overall acceptability score from the consumer point
of view. Therefore, Pangas sausages containing 50% mantis

Table 4: Sensory analysis of the restructured fish product

Treatments Appearance Texture Colour odour Taste Flavour Overall acceptability
C, 8.00+0.80*  7.12+#1.35* 8.12:0.35* 8.25:0.65* 8.25x0.37* 8.21:0.64° 7.92+0.17b
C, 8.00+0.75*  5.93+1.01* 7.87:0.64* 8.25+0.75* 8.1220.69* 7.71+0.92® 7.500.59°
T, 8.12+0.69*  6.75:1.06* 8.00:£0.46* 8.18+0.65* 8.06x0.17* 7.85+(0.44® 7.92+0.17b
T, 8.12+0.69*  6.56+1.17* 8.00:£0.53* 8.31:0.70* 8.25:+0.46* 7.50+0.53* 8.14+0.34¢
T 8.15+0.53*  6.43+0.97*° 7.81+0.84* 8.12+0.83* 8.12+0.64* 7.50+0.46 7.71+0.36®

3

Values (n=10) are presented as the mean+SD. The mean value in the same row with different superscripts is significantly

different between the treatments (p<0.05)

shrimp meat (S,) was considered as optimized concentration
for the development of restructured fish product and
considered for further study. The physicochemical,
rheological and microbial quality of S1 was compared with
control sausages (SO) containing 100% Pangas mince for 40
days in refrigerated storage.

3.2. Shelf life study of final restructured product under

refrigerated storage (41°C)
3.2.1. Effect of mantis shrimp inclusion on proximate
composition

The changes in the proximate composition of the
restructured products during refrigerated storage are shown

in Table 5.

Table 5: Proximate composition of the final restructured product during refrigerated storage (4°C)

Storage period (days) Treatments Moisture (%) Protein (%) Fat (%) Ash (%)
0 day S, 58.80+0.36* 15.65+0.36¢ 6.15+0.55* 2.98+0.23*
S, 61.45+0.45¢ 13.18+0.27* 4.68+0.22* 2.88+0.05*
10 day S, 58.42+0.17* 15.24+0.00° 6.10+0.45* 2.91+0.36*
S, 60.91+0.21° 11.85+0.082 4.79+0.52° 2.85+0.13¢
20* day S, 56.27+0.48" 14.94+0.04° 6.01:0.37* 2.80+0.10*
S, 60.21+0.03* 11.92+0.84* 4.76£0.17° 2.87+0.18¢
30* day S, 56.10+£0.91* 14.87+0.09° 6.03+0.09* 2.79+0.17¢
S, 60.17+0.14¢ 11.47+0.232 4.65+0.35° 2.85+0.09*
40* day S, 56.00+£0.19* 14.40+0.24* 5.89+0.28* 2.70+0.18°
S 60.10+0.14* 11.42+0.16* 4.44+0.20° 2.83+0.18°

-

Values (n=3) are presented as the mean+SD. The mean value in the same row with different superscripts is significantly

different between the treatments (p<0.05)
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Significant differences (p>0.05) were not observed in the
moisture, fat, and ash content of control sausages and in
the fat and ash content of mantis shrimp incorporated
restructured product during refrigerated storage of 40 days.
However, there was a decreasing trend in the moisture
content of treatment sausage samples. Similarly, a significant
reduction in moisture content of the samples stored at 4°C
was reported for dry sausage prepared from silver carp
during refrigerated storage (Oksuz et al., 2008). Also,
the reduction of moisture content was noticed in sausage
prepared from lantern fish (Benthosema pterotum) using fish
protein isolate during storage (Moosavi-Nasab et al., 2018).
The steady moisture content was noticed by Rahmanifarah
et al. (2015) while studying the quality of fish sausage from
silver carp during refrigerated storage. In the present study,
the protein content of both control and treatment sausages
was reduced over the storage period. The decrease in protein
content in the rohu sausage due to the addition of corn
flour, hydrogenated oil and other ingredients was reported
(Sini et al., 2008).

3.2.2. Effect mantis shrimp inclusion on the chemical quality

Total volatile base nitrogen (TVB-N) is often used as
an indicator of the degree of spoilage in seafood quality
(Jeyakumari et al., 2016). The effect of inclusion of mantis
shrimp on TVB-N of restructured product during storage
is shown in Figure 2a.

In the present study, initially, TVB-N showed a slightly
increasing trend, but an abrupt rise in TVB-N after 30 days
of storage of S1, indicating microbial oxidation of protein at
later stages. The increase in TVB-N was due to the volatile
bases resulting from the degradation of protein compounds
and non-protein nitrogenous compounds mainly due to

microbial activity (Connell, 1975).

Peroxides are the primary lipid oxidation products and play
a central role in the auto-oxidation of lipids and decompose
them into carbonyls and other compounds (Jeyakumari et
al., 2016). The changes in the peroxide value of restructured
products during refrigerated storage are shown in Figure
2b. The results of the present study showed an increasing
trend in peroxide values (PV) during refrigerated storage.
The high peroxide values were found in the treatment group
compared to the control group. However, the PV values in
all sausages were much lower than the acceptance limit of
20 meq O, kg™ oil throughout the period of storage study.

During refrigerated storage, lipids have a tendency to
undergo hydrolysis, leading to the production of free fatty
acids (FFA). The presence of free fatty acids (FFA) was
responsible for the alterations in texture, increased lipid
oxidation, and the emergence of undesirable flavors in
muscle-based food products (Sequeira-Munoz et al., 2006).
The effects on the free fatty acid content of restructured
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Figure 2: Changes in chemical quality of final restructured
product during refrigerated storage (4°C)

products during storage are shown in Figure 2c. In the
present study, lipid hydrolysis occurred to a greater extent at
the end of the 40" day. However, the change in FFA values
in the control was significantly lower than treatment sample
throughout the storage period. Since the release of FFA
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content increased at the end of storage days, as found in
this study, it is reported that there is a relationship between
FFA release and loss of freshness of fish products (Ozogul
etal., 2005; Rodriguez et al., 2006). During chilling storage,
FFA formation has been reported to be produced during
the first stage as a result of endogenous enzymes, namely,
lipases and phospholipase activity (Whittle et al., 1990).
Later on, microbial activities play an important role in FFA
formation as a result of bacterial enzyme activity. Therefore,
FFA values were in correlation with microbiological counts
in the present study.

The thiobarbituric acid (TBA) test has been widely used to
measure the degradation of products of lipid hydroperoxides
formed during lipid oxidation. The TBA test mainly
determines the malondialdehyde (MDA), which is derived
from the oxidation decomposition of unsaturated fatty acids
(Ferniandez et al., 1997). The effects on TBARS content of
restructured products during storage are shown in Figure 2d.
Asignificant increase in TBARS value in control and treated
samples was observed during the entire storage period.
However, the change in TBARS value in the control was
significantly lower than the treatment sample throughout
the storage period. The increase in TBARS value may be
due to the decomposition of unstable hydroperoxides, which
results in the production of secondary products of oxidation

(Haghshenas et al., 2015).
3.2.3. Effect of mantis shrimp inclusion on gel strength

The changes in the gel strength of restructured products
during refrigerated storage are presented in Table 6. As
observed in the optimization of the concentration of
mantis shrimp inclusion, the addition of mantis shrimp

Table 6: Rheological characteristics and whiteness in final
restructured product during refrigerated storage (4°C)

Storage Treatments  Gel strength ~ Whiteness
period (days)
0* day S, 778.99+60.04*  9.38+0.15°
S, 498.56+19.58*  8.64+0.02°
10% day S, NP NP
S, NP NP
20* day S, 760.22+66.24*  9.22+0.49*
S, 496.92+15.60*  8.55+0.08"
30% day S, NP NP
S, NP NP
40" day S, 725.49+56.45*  8.63+0.17*
S 481.02+46.40°  8.25+0.06*

.

Values (n=3) are presented as the mean + SD. The mean value
in the same row with different superscripts is significantly
different between the treatments (p<0.05); NP: Not performed

meat significantly reduced the gel strength of the treatment
sausages compared to the control sausage. From the
results of the storage study, it can be observed that the gel
strength did not show any significant difference (p>0.05) at
refrigerated temperature. Usually, the folding strength can
directly reflect the gel strength of fish sausage and allow
researchers to quickly understand its texture characteristics
(Surasani et al., 2022).

3.2.4. Effect of mantis shrimp inclusion on SDS—PAGE pattern
of proteins
The effect of refrigerated storage on the SDS-PAGE

pattern of proteins of restructured product is shown in

Figure 3.
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Figure 3: SDS-PAGE pattern of proteins of final restructured
product during refrigerated storage (4°C); SO: Control (100%
Pangas mince), S,: Treatment (50% Mantis shrimp)

The present study demonstrated that the mantis shrimp
incorporated sausage exhibited increased proteolytic
degradation as the storage period increased. Changes in
fish meat during post-mortem storage included alteration
of myosin-actin interactions, loss of z-line structure and also
lead to degradation of the protein (Briskey and Fukazawa,
1971).

3.2.5. Effect of mantis shrimp inclusion on whiteness

In the present study, the whiteness of the restructured
p Y
product during refrigerated storage is presented in Table 6.

The results regarding changes in colour attributes of sausages
under refrigerated storage displayed a little but significant
decrease in whiteness. Such reduction in whiteness may be
related to the formation of compounds formed during lipid
oxidation. Similarly, a reduction in whiteness during storage
was observed in Pangasius surimi sausage with garlic aqueous

extract (Majumdar et al., 2015).

3.2.6. Effect of mantis shrimp inclusion on microbiological
quality

The initial TPC of control (S)) and treatment (S,) are

08
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2.17 and 2.54 CFU g respectively. A steady increase was
observed in the TPC of samples during the storage period
of 40 days. At the end of the 40* day of storage, TPC was
increased to 3.89 and 4.98 CFU g for control (S,) and
treatment (S, ) respectively. The rate of increase in CFU g™
was more in treatment (S,) than in control (S ). This may be
due to the presence of a large number of free amino acids
and nitrogenous compounds in crustacean meat, which
can serve as nutrients for microorganisms (Sae-Leaw and

Benjakul, 2019).
3.2.7. Effect of mantis shrimp inclusion on sensory quality

Changes in the sensory attribute of the restructured products
during refrigerated storage are represented in Figure 4.

From the figure, it was observed that on the Oth day, all
sensory attributes received excellent scores, but as the storage
period progressed, the scores for all the attributes decreased.

Apperance 0th Texture
d

Oth day

y
——S0 -=-S1

=)

Colour th day

day
=450 —i—S1

. 0th day
Overall acceptability

Figure 4: Radar diagram displaying changes in sensory score of
the final restructured products during refrigerated storage (4°C)
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By the 40™ day of refrigerated storage, the control sausage
had a higher overall acceptability score (7.40) compared
to the treatment sausage (6.00). This was likely due to the
presence of a pungent odour in the treatment sausage, which
resulted from increased microbial growth.

4. CONCLUSION

he addition of mantis shrimp significantly improved

the sausage quality in terms of consumer acceptability.
Lipid deterioration and a loss in whiteness were observed
during the refrigerated storage of sausages. The gel strength
and folding score did not show any significant differences
throughout the storage period. Finally, it was inferred that
incorporating mantis shrimp at a level of 50% in Pangas
mince yielded a good and healthy ready-to-eat fish-based

product like sausage
5. ACKNOWLEDGEMENT

e would like to thank the Indian Council of
Agricultural Research (Ministry of Agriculture,
Govt. of India) and Director, ICAR-Central Institute
Fisheries Education, for their support of the present study.

6. REFERENCES
Ayensa, M.G., Montero, M.P, Borderias, A.J., Hurtado,

J.L., 2002. Influence of some protease inhibitors on
gelation of squid muscle. Journal of Food Science
67(5), 1636M1641.

BAM, 2004. Bacteriological Analytical Manual, Chapter 3:
Aerobic Plate Count, Food and Drug Administration,
Bacteriological Analytical Manual, Washington DC.
34-138.

Bijoy, V.M., Zynudheen, A.A., Ninan, G., Harikrishnan,
M., 2016. Quality assessment of formic acid silage
developed from Squilla Oratosquilla nepa (Latreille).
Fishery Technology 53, 125-132.

Borderias, A.]., Pérez-Mateos, M., 1996. Restructured fish
products. Alimentaria: Food Technology and Hygiene
Magazine, 53-62.

Briskey, E.J., Fukazawa, T., 1971. Myofibrillar proteins
of skeletal muscle. Advances in Food Research 19,
279-360.

Carpentieri, S., Larrea-Wachtendortf, D., Donsi, F,,
Ferrari, G., 2022. Functionalization of pasta through
the incorporation of bioactive compounds from agri-
food by-products: Fundamentals, opportunities, and
drawbacks. Trends in Food Science & Technology 122,
49-65.

Chen, Z., Dai, Z., Liu, C., Wang, S., Li, J., Mao, X., 2024.
Microbial transglutaminase promotes cross-linking
for enhancing gelation of myofibrillar protein in
frozen Litopenaeus vannamei through deamination



Varshaet al., 2025

reaction. Food Hydrocolloids 147, 109332.

Connell, ].J.,1975. Control of fish quality. Wiley—Blackwell.
ISBN 978-0-852-38226—4.

Fernandez, J., Pérez-Alvarez, ].A., Fernandez—Lopez, ].A.,
1997. Thiobarbituric acid test for monitoring lipid
oxidation in meat. Food Chemistry 59(3), 345-353.

Gaspar, A.L.C., Goes-Favoni, P, 2015. Action of microbial
transglutaminase (MTGase) in the modification of
food proteins: a review. Food Chemistry 171, 315-322.

Giatrakou, V., Ntzimani, A., Savvaidis, I.N., 2010. Effect
of chitosan and thyme oil on a ready to cook chicken
product. Food Microbiology 27(1), 132-136.

Haghshenas, M., Hosseini, H., Nayebzadeh, K., Kakesh,
B.S., Mahmoudzadeh, M., Fonood, R.K.,2015. Effect
of beta glucan and carboxymethyl cellulose on lipid
oxidation and fatty acid composition of pre-cooked
shrimp nugget during storage. LWT-Food Science
and Technology 62(2), 1192-1197.

Jeyakumari, A., Ninan, G., Joshy, C.G., Parvathy, U.,
Zynudheen, A.A., Lalitha, K.V., 2016. Effect of
chitosan on shelf life of restructured fish products
from pangasius (Pangasianodon hypophthalmus) surimi
during chilled storage. Journal of Food Science and
Technology 53, 2099-2107.

Kaewudom, P., Benjakul, S., Kijroongrojana, K., 2013.
Properties of surimi gel as influenced by fish gelatin
and microbial transglutaminase. Food Bioscience 1,
39-47.

Kempkes, L.J., Martens, ]J.K., Grzetic, J., Berden,
G., Oomens, J., 2016. Deamidation reactions of
protonated asparagine and glutamine investigated by
ion spectroscopy. Rapid Communications in Mass
Spectrometry 30(4), 483-490.

Laemmli, U. K., 1970. Cleavage of structural proteins during
the assembly of the head of bacteriophage. Nature
227, 680-685.

Lin, KW., Chao, J.Y., 2001. Quality characteristics of
reduced-fat Chinese-style sausage as related to
chitosan’s molecular weight. Meat Science 59(4),
343-351.

Liu, C., Damodaran, S., Heinonen, M., 2019.
Effects of microbial transglutaminase treatment
on physiochemical properties and emulsifying
functionality of faba bean protein isolate. LWT- Food
Science and Technology 99, 396—403.

Maheshwara, K.J., Naik, J., Balamatti, A., Jagadish, T.D.,
2017. Biochemical and shelf life study of quality
of fish sausage in ambient and refrigerated storage.
Biochemical & Cellular Archives 17(1).

Mailgaad, M., Civille, G.V., Carr, B.T., 1999. Sensory
evaluation techniques. Boca Raton, CRS Press.
ISBN 978-100-30-4072-9 (eBook). DOI
10.1201/9781003040729.

10

Majumdar, R.K., Saha, A., Dhar, B., Maurya, PK., Roy, D.,
Shitole, S., Balange, A.K.,2015. Effect of garlic extract
on physical, oxidative and microbial changes during
refrigerated storage of restructured product from Thai
pangas (pangasianodon hypophthalmus) surimi. Journal
of Food Science and Technology 52, 7994-8003.

Malle, P, Tao, S.H., 1987. Rapid quantitative determination
of trimethylamine using steam distillation. Journal of
Food Protection 50(9), 756—760.

Mehta, N.K., Nayak, B.B.,2017. Bio-chemical composition,
functional, and rheological properties of fresh meat
from fish, squid, and shrimp: A comparative study.
International Journal of Food Properties 20(1),
S707-S721.

Moosavi-Nasab, M., Mohammadi, R., Oliyaei, N., 2018.
Physicochemical evaluation of sausages prepared by
lantern fish (Benthosema pterotum) protein isolate. Food
science and Nutrition 6(3), 617-626.

Moreno, H.M., Herranz, B., Pérez-Mateos, M., Sinchez-
Alonso, 1., Borderias, J.A., 2016. New alternatives in
seafood restructured products. Critical Reviews in
Food Science and Nutrition 56(2), 237-248.

Moruf, R.O., 2024. Mineral safety index and functional
proerty of the stomatopod shrimp (Squilla aculeata
holthuis, 1959)(crustacea: stomatopoda). Nigerian
Journal of Animal Production, 1941-1945.

Oksuz, A., Akdemir Evrendilek, G., Calis, M.S., Ozeren,
A., 2008. Production of a dry sausage from African
catfish (Clarias gariepinus, Burchell, 1822): microbial,
chemical and sensory evaluations. International
Journal of Food Science & Technology 43(1), 166-172.

Ozogul, Y., Ozyurt, G., Ozogul, F., Kuley, E., Polat, A.,
2005. Freshness assessment of European eel (Anguilla
anguilla) by sensory, chemical and microbiological
methods. Food Chemistry 92(4), 745-751.

Ozyurt, G., Ozyurt, C.E., Aksun, E.T., Ozkutuk, A.S,,
2019. Nutritive value and safety aspects of acidified
mantis shrimp during ambient storage. Ege Journal of
Fisheries & Aquatic Sciences (Ege]JFAS)/Su Urunleri
Dergisi 36(2).

Pankyamma, V., Debbarma, J., Madhusudana, R. B., Ninan,
G.,2022. Development of protein powder and noodles
from squilla-improved utilization of an unconventional
fishery resource. Fishery Technology, 59.

Park,].W.,1994. Functional protein additives in surimi gels.
Journal of Food Science 59, 525-527.

Patel, D., Nayak, N.K., Chauhan, P., 2023. Recent
developments in restructured meat products. Pharma
Innovation 12, 1124-1129.

Phadtare, M.C., Ranveer, R.C., Rathod, N.B., Sharangdhar,
S.T., Swami, S.B., Vartak, V.R., Koli, J.M., Patange,

S.B.,2021. Extraction, characterization and utilization



International Journal of Bio-resource and Stress Management, 16(3): 01-11

of fish protein concentrate. Aquatic Food Studies 1(2),
AFS47.

Rahmanifarah, K., Shabanpour, B., Shabani, A., 2015.
Effect of thermal microbial inactivation and washing
on quality properties of fish sausage during cold storage
(4°C). Journal of Aquatic Food Product Technology
24(4), 386-396.

Ramirez, J.A., Del Angel, A., Uresti, R.M., Velazquez, G.,
Vizquez, M., 2007. Low-salt restructured products
from striped mullet (Mugi/ cephalus) using microbial
transglutaminase or whey protein concentrate as
additives. Food Chemistry 102(1), 243-249.

Rathod, N., Pagarkar, A., 2013. Biochemical and sensory
quality changes of fish cutlets, made from pangasius
fish (Pangasianodon hypophthalmus), during storage in
refrigerated display unit at-15 to-18°C. International
Journal of Food, Agriculture and Veterinary Science
3(1), 1-8.

Rodriguez, O., Barros-Velazquez, J., Pineiro, C., Gallardo,
J.M., Aubourg, S.P,, 2006. Effects of storage in slurry
ice on the microbial, chemical and sensory quality and
on the shelflife of farmed turbot (Psetta maxima). Food
Chemistry 95, 270-278.

Ruby, P,, Ahilan, B., Antony, C., Manikandavelu, D., Moses,
T.L.S., 2022. Effect of dietary lysine and methionine
supplementation on the growth and physiological
responses of pearl spot fingerlings, Etroplus suratensis.
Indian journal of animal research 56(8), 945-958.

Sae-Leaw, T., Benjakul, S.,2019. Prevention of quality loss
and melanosis of Pacific white shrimp by cashew leaf
extracts. Food Control 95, 257-266.

Sequeira-Munoz, A., Chevalier, D., LeBail, A., Ramaswamy,
H.S., Simpson, B.K., 2006. Physicochemical changes
induced in carp (Cyprinus carpio) fillets by high
pressure processing at low temperature. Innovative
Food Science and Emerging Technologies 7, 13-18.

Sini, T.K., Santhosh, S., Joseph, A.C., Ravisankar, C.N.,
2008. Changes in the characteristics of rohu fish
(Labeo rohita) sausage during storage at different

1

temperatures. Journal of Food Processing and
Preservation 32(3), 429—442.

Sokamte, T.A., Mbougueng, PD., Mohammadou, B.A.,
Tatsadjieu, N.L., Sachindra, N.M., 2020. Proximal
composition and fatty acid profile of fresh and smoked
fillets of Pangasius hypophthalmus. Scientific African
9, e00534.

Surasani, V.K.R., Raju, C.V., Sofi, F.R., Shafiq, U., 2022.
Utilization of protein isolates from rohu (Labeo
robita) processing waste through incorporation into
fish sausages; quality evaluation of the resultant paste
and end product. Journal of the Science of Food and
Agriculture 102(3), 1263-1270.

Takahashi, K., Amemiya, H., Tanaka, M., Klomklao, S.,
Okazaki, E., Osako, K., 2014. Influence of endogenous
protease on heat-induced gelation properties of pink
shrimp Pandalus eous meat. Nippon Suisan Gakkaishi
80(6), 979-988.

Tarladgis, B.G., Watts, B.M., Younathan, M. T., Dugan,
L., 1960. A distillation method for the quantitative
determination of malonaldehyde in rancid foods.
Journal of the American Oil Chemists Society 37,
44-48.

Tokay, F.G., Alp, A.C., Yerlikaya, P., 2021. Production
and shelf life of restructured fish meat binded by
microbial transglutaminase. LWT- Food Science and
Technology 152, 112369.

Weesie, R.J., Askin, D., Jansen, F.JJH.M., De Groot,
H.J.M., Lugtenburg, J., Britton, G., 1995. Protein-
chromophore interactions in a-crustacyanin, the major
blue carotenoprotein from the carapace of the lobster,
Homarus gammarus a study by 13C magic angle
spinning NMR. FEBS letters 362(1), 34-38.

Whittle, K.J., Hardy, R., Hobbs, G., 1990. Chilled fish
and fishery products. In: Gormley, T.R. (Ed.), Chilled
foods. The State of the Art. Elsevier, Barking, UK,
87-116.



